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(57) Abstract: A focus ring (200) and 
related assembly for a plasma reactor 
system (100, 400) for processing a 
workpiece (176) having an outer edge 
and an upper surface. The assembly 
has a focus ring support surface 
(173) arranged around the workpiece 
perimeter and a ring electrode (210) 
arranged atop the focus ring support 
surface. An insulating focus ring (200) 
is arranged atop the ring electrode. 
In one embodiment, a first RF power 
supply (1890) is electrically connected 
to the focus ring electrode and a tuning 
network (220) is arranged between 
the first RF power supply and the 
ring electrode. Methods of forming 
a plasma (130) and processing a 
workpiece in an optimized way, as 
well as a plasma reactor system for 
accomplishing the same, are also 
disclosed. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to plasma processing, and in particular 
relates to apparatus for and methods of improving plasma processing 
5 uniformity. 

With reference to FIG. IA, plasma reactor system 100 comprises a 
reactor chamber with sidewalls 104, an upper wall 108 and a lower wall 112 
defining an interior region 120 capable of supporting a plasma 1 30. Arranged 
within interior region 120 near upper wall 108 is an electrode 140 having an 

10 upper surface 140U, a lower surface 140L and a periphery 144. Electrode 140 
is referred to as the "plasma electrode." Insulators 146 are arranged between 
electrode.periphery 144 and sidewalls 104 to electrically isolate electrode 140 
from the chamber. System 100 further includes a RF power supply ISO 
electrically connected to upper surface 140U of electrode 140 via a RF feed 

15 line 156 that passes through upper wall 108. A match network 160 is 
preferably arranged in RF feed line 156 between electrode 140 and RF power 
supply 150. Match network 160 is tuned to provide the best match to the load 
presented by plasma 130 formed within interior region 120 so as to optimize 
power transfer to the plasma. 

20 With reference also to FIG. IB, reactor system 100 further includes a 

workpiece support member 170 arranged adjacent lower wall 112 opposite 
• electrode 140. Workpiece support member 170 includes a base 172 having an 
upper annular focus ring support surface 173, an insulating region 174 and a 
lower electrode 175 having an upper surface 175U capable of supporting a 

25 workpiece 176, such as a wafer, to be processed (e.g., etched or coated) by 
means of plasma 130. Workpiece 176 has an outer edge 176E and an upper 
surface 176U. Insulating region 174 is filled with an insulating material such 
as ceramic or quartz, and electrically insulates base 172 from lower electrode 
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175. Electrically connected to lower electrode 175 via a RF feed line 178 is a 
lower electrode RF power supply 180 for biasing the lower electrode. 
■ Preferably included between RF power supply 180 and lower electrode 175 in 
RF feed line 178 is a match network 182. 

5 With continuing reference to FIGs. 1 A and IB, also included in plasma 

reactor 100 is an annular focus ring 200 arranged atop surface 173 of 
workpiece support member base 172. Focus ring 200 is an annular ring of 
nonconducting material surrounding but electrically isolated from workpiece 
176. Focus ring 200 is preferably made from quartz, but may also be made of 

10 silicon, silicon carbide, alumina, etc. or any of many insulating materials or 
insulating material compositions or semiconductors. Focus ring 200 may be 
made with any one of a number of cross-sectional profiles, such as the linear 
radially increasing thickness profile shown in FIGS. 1 A and IB or any of the 
exemplary profiles of FIGS. 2A -2D. Alternatively, the focus ring profile 

15 need not be uniform around the entire periphery of the focus ring. Such a 
variable profile focus ring can provide differential etching and edge-effect 
compensation. A peripherally variable profile focus ring is useful to 
compensate for azimuthal asymmetries introduced by other aspects of the 
reactor design, i.e., field/plasma asymmetries. 

20 Arranged between surface 173 and focus ring 200 is a ring electrode 

210 and an. insulating layer 212, wherein the insulating layer electrically 
isolates the ring electrode from conductive base 172. Base 172 and chamber 
walls 104, 108 and 112 are preferably connected to ground. Ring electrode 
210 is electrically connected to a tuning network 220 via inner conductor 213 

25 of a transmission line 214. Tuning network 220 is electrically connected to 
lower electrode RF power supply 180 via a match network 182. The 
combination of focus ring 200, ring electrode 210, tuning network 220, match 
network 182 and RF power supply 180 constitute a focus ring assembly within 
system 100. 
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FIG. 1A 



